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SUMMARY PAGE

THE PROBLEM

To measure the character size and the brightness contrast of the
flat panel display screens of five lap-top microcomputers under normal
lighting and in the dark.
FINDINGS

The character height did not vary appreciably among the displays,
but the contrast varied widely under different viewing conditions.

APPLICATION

These results are relevant to the choice of the most desirable
computer display in particular viewing situations.

ADMINISTRATIVE INFORMATION

This investigation was conducted under Research Work Unit
M0095.005-5010 —- "Sea trials for computer-based medical diagnostic/
patient management system for use aboard SSN/SSBN submarines." The
report was submitted for review on 19 August, approved for publication
on 2 September, and designated as NSMRL Memo Rpt. 87-5.
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BRIGHTNESS CONTRAST AND CHARACTER HEIGHT
OF FIVE FLAT PANEL COMPUTER DISPLAYS

To help quantify the relative legibility of characters on the
displays of five lap~top microcomputers, their brightness contrast and
character height were measured. This was part of a comprehensive
assessment of the suitabilitynof these computers as an aid to medical
diagnosis and record-keeping aboard submarines (Southerland, Moeller,
Hamilton, & Perkins, in press). Since such computérs would be used
under different conditions, the measurements were made both in a
normally lighted room and in the dark.

Method

The computers. Five lap-top microcomputers, each compatible with

an IBM-PC, were evaluated (Table 1). The computers used widely
different types of displays. The Datavue 25 and the Zenith 2-181 used a
vack-lighted liquid crystal display {ICD). The Toshiba T1100 Plus used
an ICD that is not back-iighted. The other two used self-luminous
displays. The Data General DG One, Model 2, had an electroluminescent
(EL) display, and the Grid Gridcase 3 had a plasma display. All the
computers displayed 25 lines of 80 characters.

Procedure. Each computer was set up in turn in a windowless room
with normal overhead fluorescent illumination. The room illuminance was
2.7 lm/m2 (1ux) on a.horizontal surface and 0.75 lm/m2 on the vertical
surface of the display screen, as measured with a Gossen Panlux light
meter.

Tests were made with either fully charged battery packs or
AC-converted power, and, when provided, controls were set for the

optimal —ombination of brightness and maximum contrast.




Luminance measurements were made on the foreground and background
areas of the display screen using a Photo Research PR-703A-PC Spot
SpectraScan spectroradiometer. The measurements were made normal to the
vertical screen surface, and at an angle of 45° in the horizontal plane.
The screen of the Toshiba, which was not back-lighted, was tilted a few
degrees off vertical to maximize contrast using the room illumination.
While the screen angle of all the computers was adjustable, only the
contrast of the Toshiba appeared sensitive to adjustment of the vertical
angle. Measurements were also made with the room illumination off.

The height of upper and lower case characters was measured with a
vernier caliper.

The contrast values were calculated using the following formula:

| Luminance Background - Luminance Foreground |

Luminance of Lighter Area x 100

Contrast (%) =

where the foreground represents the displayed characters (Brown &
Mueller, 1965).
Results

The luminance of the foreground and background of each computer
display is given in Table 1 for each viewing angle under the light and
dark conditions. Luminance measurements in the lighted room necessarily
include components of the room illumination. No readings could be
obtained for the Toshiba computer in the dark, since it had a reflective
type of display screen.

The contrast of the display in the lighted room varied from 92% for
the Data General to 23% for the Zenith, measured at the 459 angle.
Although this is an appreciable difference, the displays of all

computers were considered acceptably legible under most viewing angles.
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The contrast threshold for perceptibility is around 2% (Blackwell,
1946), although it would not, of course, be comfortable to read anything
at this level. But all these displays can be considered acceptable
under normally lighted conditions.

In a dark room, of course, even dimly lighted characters are
visible. However, the Toshiba had no self-lighted display and in the
absence of ambient light, its display was invisible.

Table 2 gives the approximate screen size, the heights of the upper
and lower case characters, and the colors of the display. The height of
the upper case characters varied from 0.137 to 0.207 in.; that of the
lower case characters varied from 0.093 to 0.148 in. Although this is,
again, an appreciable range in mathematical terms, the differences were
considered to not be of practical importance.

Comment

The screen size and character height of all the displays were
judged to be adequate for normal viewing conditions.

The contrast of the displays also appeared to be adequate under
normal office levels ot illumigation. In the dark, the contrast was, of
course, even higher. The DG One and the Grid had very high contrast,
but the Tosﬁiba could not be seen at all.

The contrast values do not take into account any legibility effects
due to the colors of the display. The colors of the text and background
can affect legibility (Lippert & Snyder, 1986; Preston, Schwankl, &
Tinker, 1932), but the combinations appeared to be satisfactory..

In summary, all the displays appear to be satisfactory under normal
office conditions, but the Toshiba is unsatisfactory under low

illumination.
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